The present paper attempts to modify definition of catastrophic out-of-pocket 
Introduction:
Studies on economic consequences of health shocks provide important insights for policy makers. Health policies are concerned not only with improving health status of population but also with protecting households from financial catastrophe of illness (Peters et al., 2002) . Studies examining out-of-pocket (OOP) health expenditure throw light on effect of illness on economic wellbeing of household. The concept of catastrophic OOP health expenditure assumes importance in this context. Catastrophic OOP health expenditure is concerned with high levels of OOP health expenditure which might affect household's standard of living. In literature, catastrophic expenditure is defined as that level of OOP health expenditure which exceeds some fixed proportion of household income or household's capacity to pay. The present paper has two objectives: first is to define catastrophic health expenditure based on household's required consumption of necessities and second is to examine determinants of catastrophic OOP health expenditure in India. We propose to use the Engel curves to measure this required consumption. Based on this definition of catastrophic expenditure, we examine determinants of catastrophic OOP health expenditure in India.
Examining catastrophic OOP health expenditure to evaluate health system dates back to Berki (1986) . Since then different definitions of catastrophic OOP health expenditure have been provided in literature. According to Berki (1986) , catastrophic OOP expenditure is one which constitutes large part of household budget and thus, affects household's ability to maintain customary standard of living. The idea behind this approach is that if health care spending constitutes large portion in household budget, then it will affect consumption of other items. Thus, as pointed out by Russell (1996) , this approach is concerned with opportunity cost of health care spending. Wagstaff and van Doorslaer (2003) measures incidence and extent of catastrophic OOP health expenditure in Vietnam using share of OOP expenditure in total household budget. Following Berki (1986) , Wagstaff and van Doorslaer (2003) defined catastrophic OOP health expenditure as health expenditure that exceeds some fixed proportion of total household expenditure. This threshold level is set arbitrarily. Wagstaff and van Doorslaer (2003) sets this threshold at 10 percent of total household budget. However, as pointed out by Wagstaff and van Doorslaer (2003) , taking same threshold level for poor and rich households leads to some problem. In particular, rich households are more likely to exceed the threshold level than poor as they have more resources to spend on health care. In this context, Russell (1996) notes that in the short run rich households may reduce 'unnecessary' consumption while poor households may have to forgo essential consumption in order to support OOP health expenditure. In the first case it is difficult to judge whether household is facing a catastrophe, even if OOP health care spending is above the threshold level. Xu et al. (2003) argues that share of OOP expenditure should be taken in terms of household's capacity to pay. They define household's capacity to pay as income after accounting for median level of food consumption in society. Households spending more than 40 percent of their capacity to pay on health care are said to experience catastrophic OOP health expenditure. Xu et al. (2003) takes actual food consumption for households with income lower than median food consumption. Arbitrariness in defining threshold level remains in this approach as well. Apart from this, as rightly pointed out by Wagstaff (2008) , the criterion may actually lead to conclusion that a poor household has higher capacity to pay than a household who is just above the subsistence level. It is important to note that, both of these approaches consider OOP health expenditure as involuntary and thus assume that it does not contribute to household's welfare (Wagstaff, 2008) .
Even though there are some weaknesses, above two methods provide important measures of catastrophic OOP health expenditure. Moreover, these measures are very useful in making comparisons across societies or countries. Many studies have used these methods to examine share of OOP expenditure and evaluate financial protection provided by health systems in context of developing countries 1 , including India 2 . Some of these studies, for
instance O'Donnell et al. (2005) , note that since catastrophic OOP health expenditure is defined as one that exceeds 10 percent of household budget, rich households are more likely to incur catastrophic OOP health expenditure, which seems counterintuitive. These empirical finding supports Russell (1996) which argues against same threshold level for poor and rich households.
The above two methods of defining catastrophic OOP expenditure do not consider household's external resources. For instance, if household is able to borrow to finance OOP health expenditure then its present consumption will have lower impact than a situation where household cannot borrow. Flores et al. (2008) presented revised definition of catastrophic OOP health expenditure after accounting for sources used to finance health expenditure. They showed that if the method of financing is not considered then catastrophic OOP health expenditure might be under-or over-estimated. This approach is an important improvement over the method described in Wagstaff and van Doorslaer (2003) . At the same time, this approach is also subjective in nature, as it imposes arbitrary threshold level after accounting for sources of financing.
In the present paper, we attempt to bring in some objectivity in measurement of catastrophic OOP health expenditure and define it as OOP health expenditure that results in consumption deprivation of necessities. While doing this, we retain the assumption of earlier studies that health expenditure is involuntary. This assumption means that OOP health expenditure has entirely negative effect on household welfare as it deprives household of resources that could have been spent on other goods and services (Wagstaff, 2008) . At the same time, our study differs from previous studies on following grounds.
• We take into account community's preferences for defining necessities and estimate income level required to attain saturation level of consumption of necessities.
Methodology of estimating required consumption of necessities is based on Sitaramam et al. (1996) and Kumar et al. (2009) 3 . OOP health expenditure is defined as catastrophic if it reduces non-health expenditure to a level which is lower than the required level.
• Next, we examine the factors that lead to catastrophic OOP health expenditure in India.
For this purpose, we use nationwide sample survey on consumption expenditure of households conducted by the National Sample Survey Organisation (NSSO).
The rest of the paper is organised as follows: the next section describes the methodology used to define catastrophic OOP health expenditure. Section 3 illustrates the data source. Section 4 elaborates on econometric techniques used and explanatory variables used in our analysis. Section 5 discusses empirical findings. Finally, section 6 concludes.
Defining Catastrophic OOP Health Expenditure:
We have seen that previous studies generally measure catastrophic OOP health expenditure in terms of proportion of OOP expenditure in total household budget or household's capacity to pay. As mentioned in the previous section, there are some 3 These studies use similar methodology to estimate consumption deprivation index.
weaknesses of this approach. One of the important questions to ask is whether the same level of OOP health expenditure can be considered as catastrophic for rich and poor households.
Since resources of poor households are limited, allocating five percent of household budget towards health care might have negative impact on their standard of living. On the other hand, even if rich households allocate 25 percent of household budget to health care, that will not result in lower standard of living for them. Russell (1996) argues that a rich household might just forgo consumption of 'unnecessary' items to spend on health care and thus, even if share of OOP expenditure in total budget exceeds the threshold level it should not be considered as catastrophic. For instance, in case of India, a larger proportion of rich households spend more than 10 percent (conventional threshold level) on health care than poor households (see Table 1 ). Poor households have lower resources compared to rich households and as a result their capacity to spend on health care is also lower. Consequently, poor households are less likely to be categorised as incurring catastrophic payments than rich households. In this context, Russell (1996) points out that it is important to determine what are necessary consumption and unnecessary consumption to define catastrophic OOP health expenditure. We attempt to proceed in this direction and measure income required to protect consumption of necessities. After calculating this 'required income', we define catastrophic health expenditure. As mentioned in the previous section, while doing our analysis we maintain the assumption that OOP health expenditure is entirely involuntary and does not add to household welfare.
In order to derive required income 4 , we borrow from poverty literature. Sitaramam et al. (1996) , Kumar et al. (2008) and Kumar et al. (2009) measure poverty using cereal consumption deprivation. The argument behind this approach is that Engel curve for necessities is concave in nature and the point where it saturates can be taken as deprivation point. Thus, the inflexion point gives required consumption on a necessity and the associated minimum total expenditure to attain this consumption. Households consuming below this point are considered as deprived households who are unable to attain saturation level of cereal consumption. We use this concept to derive total household expenditure required to maintain saturation level of consumption of necessities. Here, we consider more than one necessity.
Next, we use this 'required income' as threshold level to define catastrophic OOP health expenditure. For instance, consider a household that is consuming only one necessity, food. Engel curve for this good is depicted in Figure 2 .9. In the figure, X* is minimum total expenditure required to consume saturation level of food. Beyond this point, food consumption does not increase with total household expenditure, but rather remains constant. Now, suppose household's total expenditure is X. In this case, (X-X*) gives the maximum amount that household can spend without affecting the food consumption. Thus, [(X-X*)/X] can be taken as threshold level of proportion that household can allocate for health care.
Moreover, for households with total expenditure lower than X* the threshold level is zero, as any expenditure on health will affect their consumption of necessities.
X* X
Income / Total Expenditure Now suppose household consumes two necessities, say food and fuel. In this case, we will get two levels of required total expenditure from estimation of Engel curves for each of these two commodities, say, X 1 * and X 2 *. To calculate required income, we take maximum of X 1 * and X 2 *, as at the maximum level of total expenditure consumption of both the commodities will be at saturation level 5 . Threshold level can be measured as:
We can easily generalise this approach to more than two necessities. When the household consumes more than two necessities, the threshold level to define catastrophic OOP health expenditure will be given by:
Note that, this approach does not arbitrarily impose threshold level, rather consider preferences of households to determine required consumption of necessities and thus, threshold level. Moreover, since income of rich households is much higher than required consumption of necessities, the threshold level for them will be higher than poor households.
This approach is similar to capacity to pay approach provided by Xu et al. (2003) . Our methodology differs from that proposed by Xu et al. (2003) on grounds that we consider all necessities consumed by households rather than only food consumption. Secondly, if household's total expenditure is below the expenditure required for consumption of necessities, then we say that any expenditure on health is catastrophic as it affects consumption of necessities.
Data Source:
We use data collected in the 61 st round of socio-economic survey conducted by the NSSO during July, 2004 to June, 2005 . This nationwide survey covers 79,298 households from rural areas and 45,346 households from urban. The total survey period was divided into four sub-rounds of three months each. This division of entire survey into four sub-rounds eliminates seasonal biases in household consumption. Moreover, in order to get a good representation of all groups, some groups of population are oversampled. In order to avoid such sampling biases, we use probability weights in our estimation.
For our study, the variables of interest are OOP health expenditure and household's spending on different consumption items. Above mentioned data set provides information on a wide range of consumption items, such as food items, intoxicants, fuel, clothing, education, medical, entertainment, rent, durables and others. Expenditure on these consumption items is
given with preference period of 30 days. Apart from these key variables, we require some measure of household's economic wellbeing. Following Filmer and Pritchett (2001), we construct a wealth index using principal components analysis. The data set provides information on durable goods possessed by the household on the date of survey. Using this data it is possible to construct a wealth index. Wealth index acts as an indicator of permanent income.
One of the limitations of this data set is that medical expenses do not include travelling expenses associated with getting medical treatment. As a result, economic burden of illness is underestimated. Secondly, this data set does not provide information on health status of household members. Health status is an important determinant of catastrophic OOP health expenditure. In order to capture effect of health risks, we consider demographic (for instance, age composition of household) and environmental (for instance, cooking methods used by household 6 ) factors.
Econometric Methodology:

Engel Curve Specification:
Following Sitaramam et al. (1996) and Kumar et al. (2008) , we specify a saturating Engel curve as 7 : Parikh et al. (2003) note that cooking methods used by households are important determinants of health status. 7 As pointed out by Kumar et al. (2008) , and Kumar et al. (2009) , Engel curve for necessities is concave upto a point and afterwards it becomes convex. They truncate the sample to concentrate on concave portion using cubic specification of Engel curve. We follow their methodology to truncate the sample. 8 The idea behind using equivalent size is that all members of the households do not consume all the commodities in same magnitude. For example, commodities for children, such as baby-food, are not consumed by adults. As a result, weights are given to each member of the household with respect to adult male. Note that weights given to member of the household differ for each commodity. For instance, weights given to adult female will differ for consumption of jewelry and consumption of cigarettes.
consumption items as potential necessities and estimate equation (1) for each of them, viz, cereal, sugar, salt, egg/fish, vegetables, clothing, rent and fuel separately for rural and urban areas of 15 fifteen major states 9 . Note that all these commodities were not necessities in all the cases. We consider these commodities for deriving threshold level for catastrophic OOP health expenditure only in those cases where they were necessities. We follow the procedure explained in the previous sub-section to get threshold level for OOP health expenditure.
Probit Specification for Catastrophic OOP Health Expenditure:
After determining threshold level for catastrophic OOP health expenditure, we are interested in finding out the determinants of catastrophic OOP health expenditure. The probability of incurring catastrophic health expenditure is modelled using probit model as:
where h i represents the event of incurring catastrophic health expenditure, x i is a vector of various explanatory variables, β is a vector of parameters and i ε is random error term. The variables that are used as explanatory variables in the above regression are explained below 10 . It is important to note that catastrophic OOP health expenditure, as defined in the present paper, depends on level of OOP health expenditure and household's income. The factors that affect these two variables will also affect incidence of catastrophic OOP health expenditure. Various factors are catagorised into three groups, namely, economic variables, demographic variables and regional variables.
Economic Variables:
Among other factors, catastrophic OOP health expenditure is determined by household's income. Higher the income higher is the household's capacity to pay for health care without affecting consumption of necessities. To capture this fact, we include some indicators of household's wealth as explanatory variables 11 . In particular, we include land 9 Sitaramam et al. (1996) , based on the NSSO data on household consumption over 40 years, shows that these consumption items are the most frequently selected in the first four priority items in household consumption.
10 Table 2 provides definitions of explanatory variables. 11 We do not include household expenditure as an indicator of household income for two reasons. First, total household expenditure is likely to be affected by OOP health expenditure. However, fixed assets are less likely to get influenced by health expenditure. Secondly, since we have used total expenditure to determine threshold possessed by household. Land possessed is an important indicator of wealth in rural India;
however it is expected to have little significance for urban sector. We also consider cooking methods used by the household and whether household has access to electricity. These variables can be considered as indicators of household's economic wellbeing. Cooking methods also influence health risks. For instance Parikh, et al. (2003) shows that long-term exposure to solid cooking fuels increases the chances of falling ill. The extent of exposure to health risk in turn determines the level of health expenditure. In addition to these variables, we consider possession of durable goods to calculate wealth index. For this purpose, we use propensity score matching technique suggested by Filmer and Pritchett (2001) . For constructing this wealth index, we include possession of nine indicator items, namely, radio, television, electric fan, air conditioner, air cooler, sewing machine, refrigerator, bicycle, motorcycle, and car.
Another important variable that might affect OOP expenditure is education. With education individual are more likely to take care of their health, thus reducing OOP health expenditure and likelihood of incurring catastrophic health expenditure. In literature this effect is termed as efficiency mechanism (Grossman, 1999 and Cowell, 2006) . Education also increases the opportunity cost of getting ill (Cowell, 2006) . More education is generally associated with more income. As a result, getting ill and forgoing income becomes costly with higher education. This provides incentive for people to take care of health which results in lower health care spending. Additional, if education is an indicator of income, then with increase in education probability of catastrophic OOP health expenditure goes down. To empirically examine effect of education on catastrophic OOP health expenditure we include education level of head of the household as one of the explanatory variables.
Demographic Variables:
Composition of household affects health expenditure. For example, children or elderly persons are more vulnerable to health risks and thus households with more number of children and elderly persons are likely to spend more on health care (Cavagnero et al., 2006) .
Apart from composition, we also expect the household size to be an important determinant of catastrophic health care spending. As explained in O'Donnell et al. (2005) , larger household size means higher probability of someone being ill. Moreover, if the disease is contagious then it is more likely that that more number of persons will be sick in larger household. As a level, incorporating total household expenditure will provide little information on impact of household's economic status on probability of incurring catastrophic health expenditure.
result, we expect that expenditure on health care to be more for larger households. Since larger health expenditure is morel likely to result in catastrophic OOP expenditure, the above mentioned variables are also expected to increase the probability of catastrophic health expenditure.
In Indian context, it is of interest to examine whether socially backward groups are more likely to spend on health care. In order to analyse this fact, we include social groups, 
Regional Variables:
One would expect health care spending to differ across rural and urban sectors. We carry out our analysis separately for rural and urban sectors. Furthermore, we have included state dummies to control for health determinants at state level.
Empirical Findings:
Our analysis shows that clothing and rent are not necessities in Indian states. As a result, we drop them to calculate the threshold level. Moreover, all the remaining commodities are not necessities across all states and sectors. We have considered them only in cases where they were necessities on the basis of Engel curve estimation. Table 3 shows the minimum per capita total expenditure required to consume saturation level of each of the necessities. We take maximum of these expenditure levels and calculate incidence of catastrophic OOP health expenditure as explained in Section 2.
Findings of probit model depict that economic wellbeing and education are among factors which reduce probability of catastrophic spending. On the other hand, (deprived) social status and household composition are important factors resulting in higher probability of catastrophic OOP health expenditure.
Land possession and wealth index reduce probability of catastrophic spending in rural India. As expected, land does not affect probability of catastrophic OOP expenditure in urban areas. However, wealth index remains to be an important determinant in urban sector 12 . Other wealth indicators, namely, usage of safe cooking method, usage of electricity (only in rural sector) and presence of regular salaried head also reduce the probability.
However, it is interesting to note that impact of cooking methods is the highest among all the wealth indicators in both rural and urban sectors (refer Table 4 ). For instance, in rural and urban sectors, usage of safe cooking methods reduces probability of catastrophe by almost 16 and 21 percent, respectively, as against 10 percent in case where household head is regular salary earner. As explained in literature (for instance, see Parikh et al. (2003) ), safe cooking methods do not have adverse effect on health as opposed to other methods such as usage of coal. Thus, safe cooking methods not only indicate higher wealth, but also indicate better health condition as opposed to other cooking methods. This two dimensional relation of cooking methods with OOP health expenditure might explain large impact on probability of catastrophe. In order to examine effect of cooking methods on health, we introduce interaction term between wealth index and usage of cooking methods. We find that usage of safe cooking methods reduce the probability of catastrophe even for rich households in urban sector. This result provides important policy implication: reduction of government subsidy on cooking gas (LPG) might force households to switch to other unsafe cooking methods, increasing their health risk and thus chance of catastrophic spending on health care.
Another important determinant of probability of incurring catastrophic OOP expenditure is education. In case of rural India, all the three categories of education level, namely, literate, primary and above primary are having significant negative impact on the probability (Table 4) . On the other hand, for urban sector, education seems to reduce probability of catastrophe only when it is above primary level (Table 4) . These results correspond with results found by O'Donnell et al. (2005) . Moreover, interaction terms between education levels and wealth index show that education is more effective at lower levels of income in rural areas (Table 6 ). This result indicates that spreading education in rural areas especially among poor households will reduce incidence of catastrophic health care spending.
Along with economic factors, demographic and social factors play important role in determining whether household will experience financial catastrophe due to illness. As expected, household size, number of children and elderly persons in house increase the probability of catastrophic spending in rural sector. For urban sector, the number of elderly persons present in household is not a significant variable affecting the probability.
Moreover, households from socially deprived classes (SC, ST or OBC) are more likely to spend catastrophically on health care in both rural and urban sectors (Table 4) . At the same time, it is interesting to note that in rural India, this effect is lower for households belonging to socially backward classes but with relatively higher wealth (Table 7) . Thus, it seems that it is not social background per se that matters but social background along with income status is important factor contributing to catastrophic OOP health expenditure. On the contrary, for urban sector, our results show that probability of catastrophic expenditure does not reduce with higher wealth for households from socially deprived classes. We carry out similar analysis to check whether education reduces probability of incurring catastrophic OOP health expenditure among socially deprived groups.
Another interesting finding of our analysis is that in rural sector, gender of head of household is important factor affecting probability of catastrophic spending. In rural areas, female-headed households have 2 percent lower probability of experiencing financial catastrophe than households with male head (Table 4 ). It is likely that effect of gender changes with income. To examine this hypothesis, we re-estimate the model with interaction term between wealth index and gender of head. The results show that effect of gender is higher with income in rural areas, i.e., probability that male headed households will incur catastrophic OOP health expenditure increases with wealth (Table 8) .
Moreover, it is expected that the female literacy matters more for health outcomes and thus health expenditure. We check this hypothesis by including interaction terms between education level and gender of household head. Our results show that if female head has completed primary education then the probability of catastrophic spending is 5 percent less as compared to household with male head who has completed primary education (Table 9 ).
This clearly points out importance of female education in rural areas. Contrary to this result, in urban sector education of male head is more important for reducing probability of catastrophic expenditure on health care as compared to female education.
Discussion:
The present paper attempts to provide new approach to catastrophic OOP health expenditure. We define catastrophic OOP health expenditure as that health expenditure which reduces the consumption of necessities below the required level. Next, we examine the determinants of catastrophic health expenditure in India.
Our findings suggest that defining catastrophic OOP health expenditure as some fixed proportion of total household budget might lead to misleading results as our data shows that generally for rich households, share of OOP health expenditure is higher.
Next, we analyse the determinants of probability of incurring catastrophic OOP health expenditure. We find that apart from economic status, education reduces the risk of catastrophic payments. Specifically, in rural sector, female education is more helpful than male education. Thus, spreading education among female in rural areas might help reducing incidence of catastrophic OOP health expenditure. Secondly, our results show that some sections of society are vulnerable. Households from scheduled castes, particularly poor households, are more likely to incur catastrophic health expenditure than others. Moreover, household composition matters in this regard. Presence of children and elderly members increase the probability of catastrophic OOP health expenditure. This finding suggests that there is need to subsidise health care services for these sections of society in order to reduce incidence of catastrophic payments.
Our results need to be interpreted with possible limitations of the study. Firstly, our estimation of threshold level depends on form of Engel curve. There is lot of debate on choosing correct form of Engel curve 13 .
Secondly, while defining catastrophic OOP health expenditure we take only shortterm approach and ignore the effect of health expenditure on future consumption. It is likely that household protects its present consumption by borrowing (or some other source of finance) and thus, OOP health expenditure does not show impact on present consumption.
However, it might have impact on future consumption. Such future impact of OOP health expenditure is beyond the scope of our analysis.
Nonetheless, our analysis provides understanding of catastrophic OOP health expenditure in terms of intra-temporal effects. It points out the importance of carefully defining catastrophic OOP health expenditure for providing any meaningful policy implications. Using the definition based on concepts of the Engel curve and consumption deprivation, our study throws light on factors leading to catastrophic payments in India.
These results have useful policy implications, in terms of providing financial subsidy for health care to socially backward households, children and elderly person. 
